Sex differences in pain sensitivity have been consistently found, but the basis for these differences is incompletely understood. The present study assessed how pain-related neural processing varies across the menstrual cycle in normally cycling, healthy women, and whether menstrual cycle effects are based on fluctuating sex hormone levels. Fifteen subjects participated in 4 test sessions during their menstrual, midfollicular, ovulatory, and midluteal phases. Brain activity was measured while nonpainful and painful stimuli were applied with a pressure algometer. Serum hormone levels confirmed that scans were performed at appropriate cycle phases in 14 subjects. No significant cycle phase differences were found for pain intensity or unpleasantness ratings of stimuli applied during functional magnetic resonance imaging scans. However, lower pressure pain thresholds were found for follicular compared with other phases. Pain-specific brain activation was found in several regions traditionally associated with pain processing, including the medial thalamus, anterior and middle insula, midcingulate, primary and secondary somatosensory cortices, cerebellum, and frontal regions. The inferior parietal lobule, occipital gyrus, cerebellum, and several frontal regions showed interaction effects between stimulus level and cycle phase, indicating differential processing of pain-related responses across menstrual cycle phases. Correlational analyses indicated that cycle-related changes in pain sensitivity measures and brain activation were only partly explained by varying sex hormone levels. These results show that pain-related cerebral activation varies significantly across the menstrual cycle, even when perceived pain intensity and unpleasantness remain constant. The involved brain regions suggest that cognitive pain or more general bodily awareness systems are most susceptible to menstrual cycle effects. Ó
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Introduction
Sex differences in pain have been consistently reported in both clinical and experimental literature. In general, women are more likely to develop chronic pain syndromes and are more sensitive to experimental pain than men [2,12,20,52]. The basis for these sex differences is, however, still poorly understood [16] . Gonadal steroid hormones are thought to be important factors related to sex differences in pain sensitivity. This notion is supported by numerous studies demonstrating differences in pain sensitivity over the menstrual cycle [14, 18, 26, 29, 49] . A meta-analysis of the literature indicated that sensitivity is lowest at the follicular phase for most pain modalities [38] , but inconsistent findings have been reported in more recent studies [23, 25] . These conflicting findings may be partly explained by the large variation in standardizing cycle phases and the frequent omission of blood serum analyses to verify menstrual cycle stage [40] .
Menstrual cycle studies aim to investigate the influence of naturally fluctuating sex hormone levels on pain sensitivity measures. Few studies have directly examined the associations between circulating sex hormone levels and menstrual cycle effects on pain sensitivity measures. Although increased progesterone and estrogen levels were found to be correlated to increased pain in one report [39] , no such associations were found in other studies [23, 25] . Studies examining the combined effects of estrogen and progesterone also report mixed results; progesterone may counteract the
